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AB ST RACT 

A Lunar E x p l o r a t i o n  Program h a s  been developed which 
c o v e r s  t h e  p e r i o d  from t h e  f i rs t  l u n a r  l a n d i n g  t o  t h e  mid-70's.  
It i s  based upon a r e a s o n a b l e  set of assumpt ions  r e g a r d i n g  
hardware c a p a b i l i t y  and e v o l u t i o n ,  a n  i n c r e a s e  I n  s c i e n t i f i c  
endeavor ,  l aunch  r a t e s ,  budgetary  c o n s t r a i n t s ,  o p e r a t i o n a l  
l e a r n i n g ,  l e a d  times, and i n t e r a c t i o n  w i t h  o t h e r  space  p r o -  
grams. The program is  d iv ided  i n t o  f o u r  phases :  

An Apollo phase employing c u r r e n t  Apollo hardware 

A Lunar E x p l o r a t i o n  phase u t i l i z i n g  a n  Extended 
Lunar Module (ELM) wi th  i n c r e a s e d  landed  payload 
weight  and s t a y t  ime c a p a b i l i t y  

A Lunar O r b i t a l  Survey and E x p l o r a t i o n  phase u s i n g  
t h e  AAP-1A c a r r i e r  o r  t h e  LM-ATM t o  mount remote 

p o l a r  o r b i t  mi s s ion  

a 

s e n s o r s  and photographic  equipment on a manned t 

A Lunar S u r f a c e  Rendezvous and E x p l o r a t i o n  phase 
which u s e s  a modified LM (Lunar Payload Module) i n  
a n  unmanned l a n d i n g  t o  p rov ide  i n c r e a s e d  s c i e n t i f i c  
payload and expendables  n e c e s s a r y  t o  ex tend  t h e  
accompanying manned ELM m i s s i o n  t o  two weeks d u r a -  
t - ion. 
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D.  B. James 
F .  N .  Schmidt 

TM-68-1012-1 

TECHNICAL MEMORANDUM 

1 .O INTRODUCTION 

W i t h  t h e  Lunar O r b i t e r  program e s s e n t i a l l y  completed 
and Surveyor  n e a r  i t s  t e r m i n u s ,  we w i l l  soon be e n t e r i n g  t h e  
manned Apollo phase of l u n a r  e x p l o r a t i o n .  It is ,  t h e r e f o r e ,  
p ruden t  to look  s e r i o u s l y  now a t  t h e  t o t a l  l u n a r  e x p l o r a t i o n  
program r a t i o n a l e ,  to s e e  the  n e x t  phase bo th  i n  t h e  c o n t e x t  
of o u r  p reced ing  programs and of succeeding  phases .  

Up to now, Apollo mis s ion  p l ann ing  has  c o n c e n t r a t e d  
on t h e  f irst  l u n a r  l a n d i n g .  T h i s  i s  a n a t u r a l  consequence 
o f  t h e  l a r g e  e f f o r t  r e q u i r e d  to accomplish t h e  b a s i c  g o a l  of  
t h e  l u n a r  l a n d i n g  and t h e  t e s t  f l i g h t s  p reced ing .  On t h e  
o t h e r  hand, p l ann ing  f o r  AAP l u n a r  mis s ions  u s u a l l y  commences 
w i t h  t h e  1 0 t h  or l a t e r  Sa tu rn  V system f o r  t h e  prime r e a s o n s  
t h a t  no one knows a t  what j u n c t u r e  Apollo w i l l  be s u c c e s s f u l  
and t h a t  s e v e r a l  y e a r s  m i g h t  be requilled to make s p a c e c r a f t  
m o d i f i c a t i o n s .  It i s  t h e  i n t e n t  of t h i s  memorandum to s t r u c -  
t u r e  a t o t a l  program i n  t h e  sense  of f i l l i n g  t h e  gap i n  p l a n -  
n i n g  between Apollo and AAP. It i s  no t  t o t a l  i n  t h e  s e n s e  
of a l l  l u n a r  e x p l o r a t i o n  b u t  i s  based upon t h e  assumpt ion  
t h a t  l u n a r  e x p l o r a t i o n  w i l l  be a c o n t i n u i n g  a s p e c t  of human 
endeavor  w i t h  o r  w i thou t  gaps of  s i g n i f i c a n t  d u r a t i o n .  

There e x i s t  a number of g u i d e l i n e s  upon which t h e  
program i s  b u i l t .  Foremost i s  a d e s i r e  to program a n  evo lu -  
t i o n  i n  b o t h  t h e  s c i e n c e  and technology i n t o  t h e  p l a n  bu t  
w i t h i n  t h e  bounds of r e a s o n ,  such bounds b e i n g  d i c t a t e d  l a r g e l y  
by economic and schedu le  c o n s i d e r a t i o n s .  T h i s  means making 
maximum use  of Apollo c a p a b i l i t y .  It a l s o  means t h a t  e x i s t i n g  
Lunar O r b i t e r  photography w i l l  be used f o r  c a n d i d a t e  s i t e  
s e l e c t i o n  and mis s ion  p l ann ing .  The program must a l s o  con- 
t a i n  w e l l  d e f i n e d  d e c i s i o n  p o i n t s  and i n d i c a t e  what happens 
i f  t h e  d e c i s i o n s  a r e  not  made. T h i s  h a s  r e s u l t e d  i n  a program 
w i t h  f l o a t i n g  d e c i s i o n  p o i n t s  w i t h  r e g a r d  to t i m e  and s p e c i f i c  
s p a c e c r a f t .  That i s ,  t h e  program can c o n t r a c t  i n  te rms  of  
accomplishments  if d e c i s i o n s  a r e  made to go ahead e a r l y  w i t h  
changes or it can s t r e t c h  out i f  a p a r t i c u l a r  mi s s ion  i s  
u n s u c c e s s f u l .  
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2.0 PROGRAM PLAN DESCRIPTION 

A .  Format and V e h i c l e  Assignments 

A s  a conven ien t  and u s e f u l  format  f o r  summary pu r -  
p o s e s ,  we d e p i c t  t he  program i n  terms of a F l i g h t  Mission 
Assignments P l a n  (FMAP). As can  be seen  from F i g u r e s  2 ,  8, 
and 23,  n o ' v e h i c l e  ass ignments  have been made to t h e  S a t u r n  
VIS, CSM's or LM's i n  o r d e r  to connote  t h e  f l e x i b i l i t y .  For 
t h e  pu rposes  or" t h i s  s t u d y  a n  independent  numbering system 
has been used ,  namely, Lunar; Landing Miss ions  and Lunar O r -  
b i t a l  Miss ions .  Nine p o s s i b l e  s i n g l e  launch  l a n d i n g  mis s ions  
a r e  d e s c r i b e d ,  one o r b i t a l  mi s s ion ,  and two d u a l  l a n d i n g  
mis s ions  which could  c a r r y  to about  launch v e h i c l e  520. 

B. Phas ing  

Four  mis s ion  phases  ( s e e  F igure  1) have been d e s i g -  
n a t e d  w i t h  g e n e r a l  c h a , r a c t e r i s t i c s  a p p l i c a b l e  to each phase .  
These phases ,  to be d i s c u s s e d  below, a re :  

1. Apollo Lunar Landing Miss ions  

2 .  Lunar Sur face  E x p l o r a t i o n  Miss ions  

3. Lunar O r b i t a l  Survey and E x p l o r a t i o n  

4. Lunar Sur face  Rendezvous and E x p l o r a t i o n  

I n  o r d e r  to p r o g r e s s  from one phase  to t h e  n e x t ,  
c l e a x u t  d e c i s i o n s  w i l l  have to have been made a t  some e a r l i e r  
p o i n t .  Those d e i c i s o n s  u s u a l l y  r e f e r  to hardware m o d i f i c a t i o n s  
o r  new s t a , r t  s .  

I n  t h e  d i s c u s s i o n  of each phase we s h a l l  c o n c e n t r a t e  
on t h e  system to be used ,  t h e  c o n s t r a i n i n g  o p e r a t i o n s ,  and t h e  
t e c h n o l o g i c a l  and s c i e n t i f i c  a s p e c t s .  

2.1 Apollo Lunar Landing Missions 

T h i s  pha.se of luna r  f l i g h t  commences w i t h  t h e  f i r s t  
manned l u n a r  l a n d i n g  and c o n t i n u e s  f o r  f i v e  m i s s i o n s  or u n t i l  
s u f f i c i e n t  conf idence  and expe r i ence  h a s  been ach ieved  w i t h  
bas i c  Apollo hardware a s  we l l  as w i t h  t h e  a s t r o n a u t ' s  ope ra -  
t i o n a l  c a p a b i l i t y  on t h e  l u n a r  s u r f a c e .  We e n v i s i o n  pushing  
Apol lo  from the  first u l t r a - c o n s e r v a t i v e  mis s ion  to t h e  l i m i t  
of i t s  c a p a b i l i t y  by t h e  last i n  t h i s  sequence.  The  impor- 
t a n c e  of a c q u i r i n g  t h i s  basic  in fo rma t ion  i n  a s t e p w i s e  manner 
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cannot  be overemphasized.  S ince  s i m u l a t i o n s  a r e  not e n t i r e l y  
s a t i s f a c t o r y ,  i t  i s  only  by  a c t u a l  miss ion  conduct t h a t  we 
w i l l  know f o r  c e r t a i n  what a r e  p r o p e l l a n t  budgets ,  guidance 
e r r o r s ,  viewing problems , and astyonaut ,  opei-ationa.l  c a p a b i l i t y .  

F i g u r e  2 summarizes t h e  s e r i e s  of mis s ions  i n  t h e  
f i r s t  phase .  LLM 1 i s  t a r g e t e d  to a mare f o r  t h e  obvious 
r e a s o n  t h a t  a l l  of t h e  Apollo c a n d i d a t e  l a n d i n g  s i t e s  a r e  i n  
mare a r e a s .  It i s  not  c e r t a i n  which p a r t i c u l a r  mare 
s i t e  w i l l  be  t h e  t a r g e t  f o r  LLM 1 and i n  most r e s p e c t s  i t  
does  not  m a t t e r .  The prime mis s ion  o b j e c t i v e s  of demonstra-  
t i o n s  of t h e  l a n d i n g  c a p a b i l i t y  and manned s u r f a c e  o p e r a t i o n  
and samRle c o l l e c t i o n  a r e  s i t e  independent .  A prime eng i -  
n e e r i n g  o b j e c t i v e  i s  to d e t e r m i n e  s o i l  mechanics p r o p e r t i e s .  
The s t a y t i m e  of 22 h r s  w i t h  two EXA p e r i o d s  appea r s  to be 
consonant  wi th  j u d i c i o u s  use of a new system i n  a new e n v i -  
ronment .  

I !  

LLM 2 ,  f lown t h r e e  months a f t e r  LLM 1, i s  t a r g e t e d  
to another: mare s i t e  and has a l l  t h e  s c i e n t i f i c  o b j e c t i v e s  
of LLM 1 p l u s  t h e  deployment of ALSEP #1 ( s e e  F igu re  3 f o r  
ALSEP a r r a y s ) .  
exper iments  des igned  to o b t a i n  d a t a  which w i l l  be u s e f u l  i n  
d e s i g n i n g  a f u l l - f l e d g e d  l u n a r  o r b i t a l  miss ion  l a t e r  i n  t h e  
program. 

I n  t h e  CSM,we c a r r y  s e v e r a l  r a t h e r  s imple  

LLM 3 p rov ides  the f i r s t  r e a l  use  of  t h e  b a s i c  
Apollo c a p a b i l i t y  t o  work toward i n c r e a s i n g  t h e  s c i e n t i f i c  
r e t u r n .  It i s  h e r e  t h a t  t h e  r e d e s i g n a t i o n  c a p a b i l i t y  i s  put  
to use .  T h i s  c a p a b i l i t y  e x i s t s  i n  Apollo p r i m a r i l y  for t h e  
pu rposes  of  manual ly  t a r g e t i n g  t h e  LM to good a r e a s  i n  t h e  
l a n d i n g  e l l i p s e  a f t e r  t h e  prime G & N system has  aimed t h e  
LM to t h e  e l l i p s e .  For t h i s  purpose t h e r e  i s  about 
90 f t / s e c  i n  t h e  AV budget .  F i g u r e  4 i n d i c a t e s  how some of 
t h i s  might be  used to g e t  c l o s e  to a p o i n t  d u r i n g  l a n d i n g  
r a t h e r  t han  avo id ing  a r e a s .  The Apollo e l l i p s e  i s  shown w i t h  
o v e r l a y s  of l i n e s  of equa l  AV. It can be seen  t h a t ,  assuming 
r e d e s i g n a t i o n  i s  made from 30 K f t  uprange a t  8 K f t  
a l t i t u d e ,  one can r each  almost any p o i n t  i n  t h e  e l l i p s e .  As 
a n  example of t h e  type  of f e a t u r e  one would aim for, we show 
a f r e s h "  c r a t e r  w i t h  boulders  nearby .  The p a r t i c u l a r  v a l u e  
o f  such a c r a t e r  i s  t h a t  one can be c e r t a i n  t h a t  t h e  rocks  
have come from t h a t  p a r t i c u l a r  s i t e  and are  no t  e j e c t a  from 
some d i s t a n t  r e g i o n .  The samples p rov ide  a r easonab ly  u n a l -  
t e r e d  sample of mare f i l l .  Through a n a l y s i s  of t h e  r a d i o -  
a c t i v i t y  of t h e  r o c k s ,  one may de termine  t h e  age of t h e  c r a t e r  
and t h u s  measure t h e  r e l a t i v e  r a t e s  of l u n a r  p r o c e s s e s .  On 
LLM 3 w e  con t inue  o r b i t a l  experiments  i n c l u d i n g  photography 

1 1  
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of t a r g e t s - o f - o p p o r t u n i t y ,  I R  and UV f e a s i b i l i t y  exper iments ,  
and cosmic r a y  and micrometeoroid environment expe r imen t s .  
These  would r e q u i r e  auxi1iar;y equipment i n  t h e  CM such a s  t h e  
s c i e n t i f i c  a i r l o c k  module f o r  expos ing  micrometeoroid p l a t e s  
and emulsion s t a c k s  to t h e  environment .  

LLM 4 i s  now t a r g e t e d  to a more s i g n i f i c a n t  f e a t u r e  
i n  t h e  Apollo zone, namely a w r i n k l e  r i d g e .  T h i s  i s  t h e  f i r s t  
o p p o r t u n i t y  to look a t  s t r u c t u r e  i n  t h e  mare o t h e r  tha.n s imple  
l a y e r i n g  as exposed i n  very  sha l low c r a t e r s .  The  ALSEP on 
t h i s  mi s s ion ,  #3, c a r r i e s  t h e  hea t  f low experiment  f o r  t h e  
f i r s t  t ime.  S ince  t h e  l u n a r  hand-held d r i l l  i s  p a r t  of t h e  
h e a t  flow exper iment ,  t h i s  miss ion  may be t h e  f i rs t  on which 
any s i g n i f i c a n t  c o r e  (up to 3 m )  i s  brought  back to e a r t h  f o r  
a n a l y s i s .  The importance of t h i s  i s  i n  de t e rmin ing  t h e  s t r a t i -  
g r a p h i c  sequences  and r e l a t i o n s h i p s  of l u n a r  s u r f a c e  m a t e r i a l s ,  
a problem which may be only  p a r t i a l l y  i n v e s t i g a t e d  w i t h  
c o r i n g  t u b e s  on e a r l i e r  m i s s i o n s .  

LLM 5 pushes  b a s i c  Apollo c a p a b i l i t y  and a s t r o n a u t  
o p e r a t i o n s  to t h e  l i m i t  i n  going to a 36 h r  s t a y  w i t h  f o u r  
EVA'S. T h i s  time c a n  be wel l  spen t  i n  i n v e s t i g a t i n g  t h e  
highland-mare r e l a t i o n s h i p  and sampling,  unambiguously, t h e  
h igh land  m a t e r i a l .  ALSEP #4 d i f f e r s  from #3 i n  t h a t  i t  h a s  
a n  Act ive Se ismic  Experiment i n  p l a c e  of  t h e  Heat Flow Exper i -  
ment. I n  a s e n s e  i t  would b e  b e t t e r  to f l y  t h e  ASE e a r l i e r  
f o r  t h e  r e a s o n  t h a t  i t s  t h r e e  geophones and f o u r  cha rges  do 
n o t  e n a b l e  one to d e c i p h e r  complex s t r u c t u r e .  It would be 
more l i k e l y  to p r o v i d e  i n t e r p r e t a b l e  i n f o r m a t i o n  on s u b s u r f a c e  
s t r u c t u r e  i n  a r e g i o n  where one f e e l s  t h e  s u b s u r f a c e  i s  r e l a -  
t i v e l y  s imple .  

One should  n o t e  t h a t  w e  a r e  s u g g e s t i n g  t h a t  a f t e r  
the second l u n a r  l a n d i n g  miss ion ,  t h e  l aunch  i n t e r v a l  be i n -  
c r e a s e d  to s i x  months. This  assumes t h a t  LLM 2 i s  too c l o s e  
on t h e  h e e l s  of LLM 1 t o  a f f e c t  i t s  l aunch  d a t e .  By s t r e t c h i n g  
t h e  launch  i n t e r v a l  one ga ins  feedback  from t h e  p r e v i o u s  
f l i g h t  ( r e l a t i v e  to sampling, minor equipment changes,  
o p e r a t i o n s  workload,* and miss ion  p l ann ing)  and a t  t h e  
same time s a v e s  s p a c e c r a f t  f o r  more e f f i c i e n t  u se  l a t e r  i n  
t h e  program. For example, suppose t h a t  a f t e r  t h e  f i rs t  sue -  
c e s s f u l  l a n d i n g  a d e c i s i o n  is  made t o  proceed w i t h  development 
of t h e  Extended LM (ELM). T h e  l e a d - t h e  may be about  two 
y e a r s  i n  which c a s e  seven more l aunches  w i t h  Apollo hardware 

*Lunar O r b i t e r  exper ience  i n d i c a t e s  t h a t  mi s s ions  on t h r e e  
month c e n t e r s  are ex t r eme ly  ha rd  on ground suppor t  p e r s o n n e l .  
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wou1.d have been made be fo re  an  ELM miss ion  i f  l aunches  con t inue  
a t  t h r e e  month c e n t e r s  whereas only  four more a r e  used on t h e  
s i x  month b a s i s .  Three s p a c e c r a f t  a r e  gairicd f o r  m o d i f i c a t i o n .  

A t  t h i s  j u n c t u r e  we should n o t e  t ha t  t h e  f i v e  m i s -  
s i o n s  a r e  not  r i g i d l y  f i x e d  i n  t h e  program. P r o g r e s s  i n  t h e  
use of Apollo c a p a b i l i t y  should prcceed a s  f a s t  a s  p r a c t i c a l  
and mis s ions  of l e s se r  accomplishment d e l e t e d .  For example, 
i f  r e d e s i g n a t i o n  proves  f e a s i b l e  by LLM 2 ,  then  LLM 3 o r  4 
would r e p l a c e  LLM 2. Then e i t h e r  of two o p t i o n s  e x i s t s :  con- 
t r a c t  t h e  Apollo Lunar Landing Phase t o  f o u r  mis s ions  o r ,  if 
the re  i s  no new or modified hardware,  add  a n o t h e r  mis s ion  
u t i l i z i n g  t h e  maximum Apollo c a p a b i l i t y .  I f  i t  proves  f e a s i b l e  
to f l y  a n  ALSEP on LLM 1, t h e n  we add a new ALSEP to LLM 5. 

2 .1 .1  Summary of Accomplishments of Phase One 

A s  was s ta ted i n  t h e  i n t r o d u c t i o n ,  an  a t t empt  has 
been made to show an i n c r e a s e  i n  s c i e n t i f i c  endea.vor and 
e x p l o r a t i o n  c a p a b i l i t y  w i t h  each mis s ion .  

The f i rs t  miss ion  i n i t i a t e s  t h e  e x p l o r a t i o n  a c t i v i t y  
of man on t h e  l u n a r  s u r f a c e  w i t h  t h e  Apollo system and r e t u r n s  
t h e  f i rs t  l u n a r  samples f o r  s c i e n t i f i c  a n a l y s i s  on e a r t h .  The 
second miss ion  w i l l  develop t h e  c a p a b i l i t y  of man to deploy  
s c i e n t i f i c  i n s t rumen t s  on t h e  moon which w i l l  t r a n s m i t  d a t a  
on l u n a r  p r o p e r t i e s  ove r  an extended p e r i o d  of t ime .  The 
return o f  samples from a d i f f e r e n t  m a r i a l  a r e a  w i l l  a l s o  con- 
s t i t u t e  p a r t  of LLM 2 .  

On mis s ion  3 a n  a d d i t i o n a l  EYA i s  shown a s  p a r t  o f  
t h e  e x p l o r a t i o n  p r o f i l e  to t a k e  advantage of t h e  r e d e s i g n a t  i o n  
t e s t i n g  to l and  to a p o i n t  of s c i e n t i f i c  i n t e r e s t .  A s  on a l l  
m i s s i o n s ,  t h e  r e t u r n  of samples i s  cons idered  s i g n i f i c a n t  b u t  
p a r t i c u l a r l y  so when they a r e  c o l l e c t e d  i n  g e o l o g i c  c o n t e x t .  

The f o u r t h  mission makes use  of  t h e  r e d e s i g n a t i o n  
c a p a b i l i t y  developed on t h e  p r e v i o u s  miss ion  to l and  n e a r  a 
p o i n t  of i n t e r e s t  (wr ink le  r i d g e )  w i t h i n  an Apollo type  e l l i p s e .  
Three E V A  p e r i o d s  a r e  aga in  shown. 

The number of E V A ' S  i s  a g a i n  extended on t h e  f i f t h  
miss ion ,  as i s  t h e  s t ay t ime  i n  o r d e r  to a l low s u f f i c i e n t  time 
f o r  u s e f u l  g e o l o g i c  t r a v e r s e s  a s  wel l  a s  f o r  deployment of t h e  
Act ive  Seismic Experiment.  

The s c i e n t i f i c  a . c t i v i t i e s  of each l a n d i n g  on a 
mission-by-mission basis  appear  i n  F i g u r e s  5 through 7. 
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C o l l e c t i v e l y ,  however, w e  can say  t h a t  t h e s e  mis s ions  w i l l  
g i v e  us a f i r s t - c i : t ,  a l -be i t  l i m i t e d ,  unde r s t and ing  of t h e  moon 
i n  terms of i t s  s t r u c t u r e ,  composi t ion ,  p r o c e s s e s ,  enviyonment 
and h i s t o r y .  They enabled u s  t o  s e t  up f o u r  smal l  geophys ica l  
s t a t i o n s  (ALSEP o r  Apollo Lunar Sur face  Experiments  Packages)  
o p e r a t i n g  a t  l e a s t  one yea r  each .  A d d i t i o n a l l y ,  on each m i s -  
s i o n  one o r  more g e o l o g i c a l  t r a v e r s e s  of s e v e r a l  thousand 
meters  maximum d i s t a n c e  f r o m  t h e  l a n d i n g  spot w i l l  have been 
made and of t he  o r d e r  of 50 l b s  of l u n a r  sample r e t u r n e d .  
While one cannot  p r e d i c t  e x a c t i y  wnat we w i l l  ?k id ,  w e  ~811, 
a s  i s  done below, make educated g u e s s e s  on t h e  q u a l i t a t i v e  
e x t e n t  of ou r  knowledge by t h e  end of  Apollo and encourage 
p o t e n t i a l  i n v e s t i g a t o r s  to t h i n k  beyond. 

_ _  

2 .l. 1.1 S t r u c t u r e  

From the  g e o l o g i c a l  t r a v e r s e s  and t h e  Act ive Seismic 
Experiments ,  w e  should have a r e a s o n a b l e  p i c t u r e  of t h e  s t r u c -  
t u r e  of t h e  upper  500 f e e t  of s e v e r a l  mare.  T h i s  p i c t u r e  
should  inc lude  e s t i m a t e s  of t h e  dep th  of t h e  f r agmen ta l  l a y e r ,  
t h e  e x t e n t  of l a y e r i n g  i n  t h e  mar ia1  f i l l ,  p o s s i b l y  on t h e  
e x i s t e n c e  of cavernous s t r u c t u r e ,  and d e t a i l e d  knowledge of 
t h e  f i n e  s t r u c t u r e  of t h e  very  topmost m a t e r i a l  which i s  r e -  
s p o n s i b l e  f o r  t h e  v i s i b l e  and I R  r e sponse .  Clues  to s t r u c t u r e  
deepe r  than  about 500 f e e t  w i l l  come from t h e  P a s s i v e  Seismic 
Experiment i f  t h e r e  i s  a n a t u r a l  sou rce  of l u n a r  s e i smic  energy ,  
from t h e  h e a t  f low experiment ,  from high r e s o l u t i o n  photographs 
o f  deep c r a t e r s ,  and p o s s i b l y  from a n a l y s i s  of o r b i t a l  parame- 
t e r s .  Even i f  t h e  se i smic  and hea t  f low exper iments  a r e  
s u c c e s s f u l ,  however, one expec t s  t h a t ,  a s  on e a r t h ,  t h e  e x p e r i -  
ments w i l l  have to be r epea ted  a t  many l o c a t i o n s  b e f o r e  l a r g e  
s c a l e  s t r u c t u r a l  r e l a t i o n s h i p s  w i l l  be d e c i p h e r a b l e .  

2 .l. 1 .2 C omp os  i t  ion  

I t  is  expected t h a t  t h e  major  rock  types  c o n s t i t u t i n g  
mai-e w i l l  b e  known both  from a s t r o n a u t  d e s c r i p t i o n  and from 
a n a l y s i s  of r e t u r n e d  l u n a r  sample.  T h i s  assumes t h a t  t h e  
samples  can be shown to be ind igenous  to t h e  c o l l e c t i o n  l o c a l e .  
Such a "proof"  i s  l i k e l y  t o  be c i r c u m s t a n t i a l  u n t i l  a mi s s ion  
such a s  LLM 3 o r  4 when c r a t e r  bot toms,  d e b r i s ,  o r  r i d g e s  may 
p r o v i d e  bona f i d e  i n  s i t u  samples .  F u r t h e r  c l u e s  to t h e  
composi t ion  a t  dep th  may come from a n a l y s i s  of h e a t  f low d a t a  
a l t h o u g h ,  judging  from t e r r e s t r i a l  e x p e r i e n c e ,  one i s  not  
go ing  to be j u s t i f i e d  i n  c o n s t r u c t i n g  v a l i d  l u n a r  models 
based  on one expe r imen ta l  p o i n t .  
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One can assume t h a t  d u r i n g  t h e  Apollo m i s s i o n s  mate- 
r i a l  w i l l  have been c o l l e c t e d  which does not appear  ind igenous  
t o  t h e  mare. Such m a t e r i a l  i s  a p t  to incsliide m e t e o r i t e s  and 
c o n t i n e n t a l  rocks  ( i n  c r a t e r  e j e c t a )  b u t  i t  w i l l  be s u r p r i s i n g  
i f  p o s i t i v e  i d e n t i f i c a t i o n  i s  made of t h e  sou rce  a l though  a 
s u c c e s s f u l  s c i e n t i f i c  Surveyor l and ing  on a c o n t i n e n t a l  s i t e  
may p rov ide  a rough c o r r e l a t i o n .  A l l  i n  all, r e s u l t s  from 
Apollo sample a n a l y s i s  should g i v e  an i n d i c a t i o n  a s  to whether  
o r  not  l u n a r  m a t e r i a l  has  d i f f e r e n t i a t e d  b u t  i t  w i l l  no t  s u f -  
f i c e  to g i v e  much i n  t h e  way of q u a l i t a t i v e  l u n a r  b u l k  compo- 
s i t i o n .  

2.1.1.3 P rocesses  

From a n a l y s i s  of r e t u r n e d  l u n a r  samples,  i n  s i t u  
o b s e r v a t i o n s ,  and ALSEP experiments  we expec t  to b e g i n  to 
o b t a i n  in fo rma t ion  on t h e  r e l a t i v e  importance of meteoroid 
impacts  and v o l c a n i c  phenomena a s  s h a p e r s  of l u n a r  topography.  
The l i m i t e d  r ad ius -o f  -ope ra t ion  from t h e  Apollo s p a c e c r a f t  
and p robab le  occurrence  of b o t h  p r o c e s s e s  l e a d  one to suspec t  
that t h e r e  w i l l  b e  no unambiguous answer.  

2.1.1.4 Environment 

It i s  expected t h a t  t h e  ALSEP exper iments  w i l l  p ro -  
v i d e  e x t e n s i v e  informat ion  on t h e  c u r r e n t  i n t e r a c t i o n  of t h e  
s o l a r  wind, cosmic r a y s  and t h e  e a r t h ' s  magnetospheric  t a i l  
w i t h  t h e  l u n a r  s u r f a c e .  Analys is  of r e t u r n e d  samples w i l l  
e l u c i d a t e  some of t h e  past h i s t o r y  of t h e  i n t e r a c t i o n s  bu t  
w i t h  on ly  a few sample s p o t s ,  one would be s u r p r i s e d  to f i n d  
a c l e a r - c u t  answer.  The magnetometer, of cour se ,  w i l l  e s t a b -  
l i s h  t h e  e x i s t e n c e  or n o n e x i s t e n c e  of a l u n a r  magnet ic  f i e l d .  
I f  one e x i s t s ,  however, l i t t l e  w i l l  be known r e l a t i v e  t o  
s p a t i a l  v a r i a t i o n s .  

The t o t a l  l u n a r  a tmospheric  p r e s s u r e  and crude  i n -  
fo rma t ion  on t h e  s p e c i f i c  composi t ion should be known. It i s  
probable  t h a t  b e t t e r  measurements w i l l  be r e q u i r e d .  

2 .1 .1 .5  H i s t o r y  (sequence o f  e v e n t s )  

A h i s t o r y  of t h e  moon, i n c l u d i n g  a sequence of 
e v e n t s ,  w i l l  be an  end product  of t h e  l u n a r  e x p l o r a t i o n .  
Although many r e l a t i v e  ages  of l u n a r  f e a t u r e s  a r e  a l r e a d y  
known, i t  i s  expected t h a t  t h e  Apollo m i s s i o n s  w i l l  enab le  u s  
to o b t a i n ,  v i a  r a d i o a c t i v e  d a t i n g  t e c h n i q u e s  a p p l i e d  to 
r e t u r n e d  samples,  t h e  f i r s t  a b s o l u t e  a g e s .  L i m i t a t i o n s  on 
t h e  t ime and r a d i u s - o f  -operat  i o n s  a v a i l a b l e  to Apollo 
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a s t r o n a u t s  however, make it l i k e l y  tha i  most meaningful  d e t e r -  
m i n a t i o n s  must awa i t  f u t u r e  mis s ions  when samples a r e  c o l l e c t e d  
i n  c o n t e x t  and t h e  d e t a i l e d  geology becomes known. 

I n  summary, t h e  Apollo mis s ions  w i l l  p r o v i d e  f i r s t -  
c u t  answers  to many of t h e  q u e s t i o n s  posed r e l a t i v e  to t h e  moon. 
It i s  expec ted ,  however, t h a t  most Apollo l u n a r - r e l a t e d  e x p e r i -  
ments w i l l  have to be r epea ted  o r  improved f o r  a t  l e a s t  t h r e e  
r e a s o n s .  One, t h e  number of m i s s i o n s  i s  i n s u f f i c i e n t  to o b t a i n  
the n e c e s s a r y  number oi' d a t a  p o i n t s  ( s e l e n o g r a p h i c a l  s p r e a d ) .  
Secondly,  t h e  exper iments  may n o t  have been p r o p e r l y  des igned  
f o r  t h e  as-now-unknown lunar; environment ,  and ,  t h i r d ,  t h e  
o p p o r t u n i t y  f o r  conduct ing a b e t t e r  experiment  may be dependent 
upon l o n g e r  s t a y t i m e  and m o b i l i t y .  The  nex t  phase i s  des igned  
to r e c t i f y  t h e s e  problems. 

2 . 2  Lunar E x p l o r a t i o n  Phase 

The Lunar E x p l o r a t i o n  phase ,  d e p i c t e d  i n  t h e  FMAP 
format  i n  F i g u r e  8, commences w i t h  bo th  modi f ied  Apollo ha rd -  
ware which can  p rov ide  an  i n c r e a s e  i n  l u n a r  s t a y t i m e ,  landed  
payload and s i t e  f l e x i b i l i t y  and a change i n  phi losophy.  
Using t h e  Extended LM f o r  approx ima te ly  t h r e e  day s t a y t i m e ,  
we now t a r g e t  a mis s ion  to a s p e c i f i c  s i t e  to i n v e s t i g a t e  
s p e c i f i c  l u n a r  f e a t u r e s  and r e l a t i o n s h i p s  among v a r i o u s  r e a -  
t u r e s .  T h i s  r e q u i r e s  many changes i n  o p e r a t i o n s  i n  a d d i t i o n  
to t h e  r e d e s i g n a t i o n  used i n  t h e  Apollo phase .  T h e s e  changes 
are  a r e s u l t  of  want ing  t o  keep s e v e r a l  l aunch  o p p o r t u n i t i e s  
a v a i l a b l e  each  month for a s p e c i f i c  t a r g e t  and f o r  g a i n i n g  payload  
by  op t imiz ing  p r o p e l l a n t  budge t s .  It i s  obvious t h a t  i n  o r d e r  
to proceed w i t h  t h i s  phase,  a d e c i s i o n  to develop  t h e  ELM and 
some payload i tems had to have been made soon a f t e r  t h e  f i r s t  
s u c c e s s f u l  l u n a r  l a n d i n g .  C o n s i s t i n g  of f o u r  mis s ions ,  t h i s  
phase  i s  expec ted  to c a p i t a l i z e  upon t h e  r e s u l t s  of t h e  Apollo 
phase  and commence t h e  t r u e  l u n a r  e x p l o p a t i o n .  

I n  o r d e r  to a l low for:  more t h a n  one launch  a t t e m p t  
to t h e  same s i t e  w i t h i n  a g i v e n  number of  days  of  a launch  
o p p o r t u n i t y  and y e t  ma in ta in  t h e  sun a n g l e  c o n s t r a i n t s  a t  
touchdown of  7" - 2O", e i t h e r  t h e  t r a n s l u n a r  f l i g h t  t i m e  o r  
t h e  number of l u n a r  o r b i t s  p r i o r  to CSM - LM s e p a r a t i o n  can  
be v a r i e d .  F i g u r e  9 shows t h a t  a l a n d i n g  can be ach ieved  
on t h e  f i r s t  and t h i r d  days,  w i t h i n  t h e  l i g h t i n g  c o n s t r a i n t s ,  
b y  having  f l i g h t  t imes to t h e  moon of 125 hour s  and 95 h o u r s  
r e s p e c t i v e l y .  F i g u r e  10 shows t h a t  by v a r y i n g  t h e  number o f  
l u n a r  o r b i t s  p r i o r  to CSM-LM s e p a r a t i o n ,  l a n d i n g s  can  a l s o  be 
made w i t h i n  t h e  l i g h t i n g  c o n s t r a i n t s  by l aunch ing  on v a r i o u s  
days  w i t h i n  t h e  launch o p p o r t u n i t y .  
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Payload d e l i v e r y  to t h e  l u n a r  s u r f a c e  can be i n c r e a s e d  
by t a k i n g  advantage of t h e  a d d i t i o n a l  c a p a b i l i t y  of t h e  s e r v i c e  
p r o p u l s i o n  system to d e l i v e r  t he  ELM to lower  a l t i t u d e s  t h a n  
t h o s e  used  i n  t h e  Apollo phase .  

The f i rs t  m i s s i o n  i n  t h e  sequence i s  LLM 6 and i s  
t a r g e t e d  to t h e  Tobias  MayerDomesregion ( F i g u r e  11) of t h e  
moon (13' N ,  32' W ) .  The o b j e c t i v e s ,  payload ,  and p r o f i l e  
w i l l  be d e s c r i b e d  i n  more d e t a i l  for t h i s  mi s s ion  s i n c e  LLM 7, 
8 and 9 f o l l o w  a s i m i l a r  format .  

2 .2 .1  O b j e c t i v e s  at Tobias  Mayer Domes Region 

The Tobias  Mayer Domes a r e a  was chosen f o r  an  
example LLM 6 mis s ion  for t h e  r e a s o n  t h a t  i t  i s  one of t h e  
p o t e n t i a l  AAP s c i e n c e  z i t e s  photographed on t h e  Lunar 
O r b i t e r  V mis s ion  which i s  not f a r  from t h e  Apollo Zone and 
which a p p e a r s  to have s c i e n t i f i c a l l y  i n t e r e s t i n g ,  b u t  s t r u c -  
t u r a l l y  s imple ,  f e a t u r e s .  The l a t t e r  i s  occas ioned  by t h e  
fac'c t h a t  t h e  mis s ion  does n o t  i n c l u d e  m o b i l i t y  a i d s  and one 
must count  on b e i n g  a b l e  t o  d e c i p h e r  r e l a t i o n s h i p s  i n  a s h o r t  
t ime o v e r  s m a l l  d i s t a n c e s .  

F i g u r e  1 2  i s  a r e p r o d u c t i o n  of a LO V medium r e s o -  
l u t i o n  photograph of t h e  a r e a  ( f rame M-167). It d e p i c t s  t h e  
g e n e r a l  g e o l o g i c  s e t t i n g  of one t y p i c a l  dome. S i t u a t e d  on 
t h e  e a s t e r n  edge o f  Oceanus Proce l la rum,  i t  i s  bound on t h e  
e a s t  by a n e a r l y  2 k m  h igh land  r i d g e  and on t h e  west by a 
s inuous  r i l l e .  The dome a l s o  d i s p l a y s  a w e l l  developed,  
e l o n g a t e d , l a r g e  ( 5  k m  i n  l e n g t h )  summit c r a t e r .  The  schemat ic  
p r o f i l e  a c r o s s  a l l  these  s t r u c t u r a l  f e a t u r e s  ( F i g u r e  12)  
i l l u s t r a t e s  t h e i r  mutual r e l a t i o n s h i p s .  It i s  c o n s t r u c t e d  
w i t h  t h e  assumpt ion  t h a t  the  mare m a t e r i a l  i n  which t h e  r i l l e  
i s  s i t u a t e d  i s  a t  about the same e l e v a t i o n  a s  t h e  mare mate- 
r i a l  east  of t h e  h igh land  r i d g e .  T h i s  e l e v a t i o n  h a s  been 
c o n s i d e r e d  t h e  "mare l e v e l ,  i . e . ,  z e r o  e l e v a t i o n .  

T h e r e  a r e  two d i s t i n c t  s t r u c t u r a l  t r e n d s  i n  t h e  
a r e a  which form p a r t  of t h e  " l u n a r  g r i d  p a t t e r n .  One i s  
n o r t h e a s t e r l y  and t h e  o t h e r  n o r t h w e s t e r l y .  The h igh land  
r i d q e ,  a s  w e l l  as t h e  p o r t i o n  o f  t h e  r i l l e  NW of t h e  dome, 
a r e  p a r a l l e l  t o  t h e  former; whereas t h e  e l o n g a t i o n  of t h e  
summit c r a t e r ,  t h e  p a r t  of t h e  s inuous  r ; i l l e  southwest  of t h e  
dome, t h e  c r a t e r  c h a i n s  and conspicuous c r a t e r  c l u s t e r s  des ig-  
n a t e  t h e  n o r t h w e s t e r l y  s t r u c t u r a l  t r e n d .  The g r i d  p a t t e r n  i s  
a l s o  man i fe s t ed  i n  t h e  s m a l l - s c a l e  s t r u c t u r e s  of t h e  s inuous  
r i l l e .  

1 1  -- 
1 1  
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For  two r e 6 s o n s  we have looked a t  t h r e e  suba reas ,  
X ,  Y, and Z of F i p z e  12, of  t h e  dome r e g i o n .  F i r s t ,  i t  i s  
obvious t h a t  on a t h r e e  day mis s ion  w i t h  n o  m o b i l i t y  a i d s  one 
cannot  hope to see  a l l  t h e  f e a t u r e s  of i n t e r e s t .  Second, t h e  
approach p a t h s  to the t a r g e t s  d i f f e r .  I n  o r d e r  to r e a c h  X, 
t h e  LM r a d a r  system must be a b l e  to cope w i t h  topography of 
1 to 2 k m  r e l i e f  l e s s  t han  10 km from t h e  aim p o i n t ;  wh i l e  
f o r  Y ,  a r easonab ly  f l a t  approach i s  a v a i l a b l e  for 30 k m  from 
the F=18t.. 

The g e o l o g i c  o b j e c t i v e s  and expec ted  accomplishments  
of a mis s ion  to any one of t h e  t h r e e  a r e a s  a r e  l i s t e d  i n  Table I .  
From t h e  t a b l e ,  i i ;  i s  ev iden t  t h a t  i n  a l l  t h r e e  c a s e s ,  t h e  
s t u d y  of t h e  r i l l e  i s  an  e s s e n t i a l  payt  of t h e  e x p l o r a t i o n .  
Other f ea . tu re s  of major  s c i e n t i f i c  i n t e r e s t  w i t h i n  a r e a s  X, 
Y and Z a r e  t h e  dome boundary, t h e  c r a t E r  c h a i n  and t h e  h igh-  
l a n d  r i d g e ,  r e s p e c t i v e l y .  

The emphasis  on t h e  r i l l e  i s  i n f l u e n c e d  by the 
h y p o t h e s i s  t h a t  i t  i s  s t r u c t u r a , l l y  c o n t r o l l e d .  From F igure  1 2 ,  
i t  i s  ev iden t  t h a t ,  n o r t h  and south  of  t h e  dome, t h e  r i l l e  
r u n s  i n  a g e n e r a l  nor th-south  d i r e c t i o n .  However, t h e  p a t h  
of t h e  r i l l e  i s  conspicuous ly  a f f e c t e d  by t h e  p o s i t i o n  of  t h e  
dome. 

T h i s  s i t u a t i o n  per  se s u g g e s t s  t h a t  t h e  r i l l e  i s  -- 
s t r u c t u r a l l y  c o n t r o l l e d .  A f u r t h e r  i n d i c a t i o n  of t h i s  i s ,  as 
mentioned above, t h e  f a c t  t h a t ,  nor thwes t  and southwest  of t h e  
dome, t h e  r i l l e  fo l lows  the  two main s t r u c t u r a l  t r e n d s  of t h e  
r e g i o n .  I n  sma l l  d e t a i l  most p o r t i o n s  of t h e  r i l l e  a r e  a l s o  
c o n t r o l l e d  by t h e  nor theac t -southwes t  and no r thwes t - sou theas t  
s t r u c t u r a l  d i r e c t i o n s .  

Thus, from t h e  above d i s c u s s i o n  we e s t a b l i s h  t h e  
b e l i e f  t h a t  t h e  occurrence  of t h e  dome a l o n g  w i t h  t h e  s inuous  
l s i l l e  i s  no t  a c c i d e n t a l .  Both f e a t u r e s  a r e  g e n e t i c a l l y  i n t e r -  
r e l a t e d .  The re fo re ,  t h c  most i n t e r e s t i n g  a r e a  of s t u d y  ( i n  
a n  Apollo- type mis s ion )  would be that where b o t h  f e a t u r e s  
could  be reached ,  a r e a  X .  

A s u r f a c e  miscion p r o f i l e  f o r  a t h r e e  day, 6 F;VA 
e x p l o r a t i o n  f o r  a r e a  X i s  o u t l i n e d  i n  F igu re  16.  We have 
assumed t h a t  t h e  a s t r o n a u t s  have a r a d i u s  of opera . t ion  of 
1 k m  and t h a t  EVA p e r i o d s  a r e  d u a l  e x p l o r a t i o n  ( 2  a s t r o n a u t s )  
of  t h r e e  hours  each.  P r o f i l e s  for areas Y and Z would no t  
look g r e a t l y  d i f f e r e n t .  
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W i t h  r e g a r d  to t h c  ALSEP expe r imen t s ,  i t  would ap-  
p e a r  t h a t  t h e  experiiilcnt complement might be t h e  same f o r  X ,  
Y ,  and Z .  We cr ,v i s ion  t h a t  each of t h c s c  l o c a t i o n s  offel-s  a 
g r e a t  po ten t i3L  foy an improved  a c t i v e  s e i s m i c  experiment  i n  
o r d e r  to i n v e s t i L a t c  what looks l i k e  s t r u c t u r a l  c o n t a c t ,  e .g . ,  
dome- r i l l e ,  r i l l c - c r a t e r ,  and highland-mare.  

T h e  nex t  s t e p ,  which i s  underway, i s  to c o n s i d e r  
LLM 6 w i t h  m o b i l i t y  a i d s  such a s  t h e  LFU or LSSM and more 
s t a y t i m e .  

A s  a n  i n d i c a t i o n  of t h e  changes to be expec ted ,  l e t  
u s  c o n s i d e r  a l a n d i n g  p o i n t  i d e n t i c a l  to t h a t  a s s i g n e d  to 
Apes Y ( F i g u r e  1 4 ) .  
e s t i n g  f e a t u r e s  ( r i l l e  wal ls  and f l o o r ,  s t r u c t u r e s  of  t h e  
dome, c o n t a c t  r e g i o n  between r i l l e  and dome, summit c r a t e r  of 
dome, c r a t e r  c h a i n ,  h i g h l a n d  r i d g e ,  and highland-mare c o n t a c t ) ,  
t h e  r e q u i r e d  range  f o r  t h e  LFU would be on t h e  o r d e r  of  25 k m .  

I n  o r d e r  to r each  a l l  g e o l o g i c a l l y  i n t e r -  

2 .2 .2  Extended LM 

The Lunar E x p l o r a t i o n  Phase depends upon t h e  i n t r o -  
d u c t i o n  of new systems,  t h e  f i rs t  of  which i s  t h e  Extended LM 
(ELM). A s  no ted  b e f o r e ,  t he  d e c i s i o n  would have to be made 
a f t e r  t h e  f i rs t  s u c c e s s f u l  l a n d i n g  to go ahead w i t h  deve lop-  
ment of t h e  ELM i n  o r d e r  t o  have i t  f o r  LLM 6 .  T h i s  assumes 
t h a t  t h e r e  i s  a two year  lead-time and t h a t  a l l  t h e  n e c e s s a r y  
f e a s i b i l i t y  and eng inee r ing  d e s i g n  s t u d i e s  had been conducted .  

The  Extended LM i s  a concept  f o r  Lunar E x p l o r a t i o n  
m i s s i o n s  t h a t  assumes conf idence  from e a r l y  Apollo l a n d i n g s  
and t h e  e x i s t e n c e  o f  Apollo gyowth p o t e n t i a l  i n  terms of 
reduced margins  , r e l a x e d  c o n s t r a i n t s ,  and opt imized  p r o f i l e s  
which will p r o v i d e  improved, g e n e r a l  c a p a b i l i t y .  These 
improvements a r e  t h e n  used i n  some combinat ion f o r  i n c r e a s e d  
s tayt ime and a c t i v i t y ,  landed payload weight and volume, 
r e t u r n e d  payload weight ,  and i n  l a n d i n g  f l e x i b i l i t y  and 
accu racy .  

I n  mis s ions  LLM 6 through 9, t h e  i n c r e a s e d  capa-  
b i l i t y  h a s  been used p r i m a r i l y  f o r  i n c r e a s i n g  s t a y t i m e  (added 
expendables  , a d d i t i o n a l  e l e c t r i c a l  power [ s o l a r  a r ray  ] , 
c ryogen ic  oxygen supp ly )  and f o r  a d d i t i o n a l  d e s c e n t  payload  
( e . g . ,  F i g u r e  1 7 ) .  

The t e c h n i q u e s  f o r  i n c r e a s i n g  payload  may be d i v i d e d  
i n t o  two types. The f i r s t  type  i n c r e a s e s  LM s e p a r a t i o n  weight  
by r educ ing  d e s c e n t  engine  performance r equ i r emen t s .  I n  t h i s  
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c a t e g o r y  t h e r e  a r e  two items: i n i t i a t i n g  LM d e s c e n t  from 
50,000 f t  c i r c u l a r  c o n d i t i o n s  and r e d u e t i c t i  i n  h igh  g a t e  
; ~ l t i t u d e .  These two i t ems  r e s u l t  i n  a n e t  payload i n c r e a s e  
of 1,000 l b s .  T h e  second type r educes  LM a s c e n t  f u e l  r e q u i r e -  
ment and does  n o t  a f f e c t  LM s e p a r a t i o n  we igh t .  Here a s c e n t  
p r o p e l l a n t  i s  o f f - loaded  and a d d i t i o n a l  payload is  added f o r  
d e l i v e r y  to t h e  s u r f a c e .  'The i n c r e a s e  i n  c a p a b i l i t y  p o s s i b l e  
h e r e  i s  ob ta ined  by t h e  use o f  t h e  CSM f o r  a c t i v e  rendezvous 
and t h e  p o s s i b l e  d e l e t i o n  o f  t h e  rendezvous r a d a r  and t h e  
a s s o c i a t e d  a s c e n t  f u e l  saved by ascending  i n t o  a lower a l t i t u d e  
o y b i t .  The n e t  payload i n c r e a s e  f o r  t h e s e  items i s  600 l b s .  

T h e  t o t a l  payload c a p a b i l i t y  i n c l u d i n g  t h e  p r e s e n t  
Apollo 300 l b s  i s  1,900 l b s .  The expendables  r e q u i r e d  to 
i n c r e a s e  t h e  s t a y t i m e  from 1 1/2 days  to 3 days  a r e  inc luded  
i n  t h e  1,900 l b s  and would r educe  t h e  n e t  a v a i l a b l e  to 
?.1,300 l b s  maximum. 

2.2.2.1 ELM Payload 

A s c i e n c e  payload landed  weight  of  about  550 l b s  
i s  c a t e g o r i z e d  i n  F igu re  1 7 .  T h i s  r e p r e s e n t s  about 250 l b s  
more t h a n  was a v a i l a b l e  f r o m  Apollo,  such i n c r e a s e  b e i n g  about  
e q u a l l y  d i v i d e d  between a n  advanced ALSEP and o t h e r  s c i e n c e  
equipment.  The c o n f i g u r a t i o n  of  the advanced o r  fo l low-on 
ALSEP i s  shown i n  F igu re  18. B u i l d i n g  upon t h e  technology 
developed f o r  t h e  i n i t i a l  ALSEP, i t  makes use  of a n  RTG power 
supp ly  and a c e n t r a l  s t a t i o n  f o r  d a t a  hand l ing .  An increase 
i n  experiment  weight  to between 100 and 150 l b s  would e n a b l e  
one to f l y  a f u l l  complement of l u n a r  exper iments  i n c l u d i n g  
s e i s m i c  ( p a s s i v e  and a c t i v e )  , magnet ic ,  h e a t  f low,  g r a v i m e t r i c ,  
l a s e r  r a n g i n g ,  a tmospher ic ,  and micrometeoroid.  Consonant w i t h  
t h i s  i n c r e a s e  i n  experiments  i s  a sma l l  i n c r e a s e  i n  power, l i f e -  
t i m e ,  d a t a  r a t e ,  and volume. It i s  h i g h l y  d e s i r a b l e  t o  have a 
reprogrammable c e n t r a l  s t a t i o n  i n  o r d e r  to a l low experiment  
s e l e c t i o n  a s  l a t e  as p o s s i b l e  p r i o r  to f l i g h t  and,  p o s s i b l y ,  
to a l low r e a l - t i m e  experiment s e l e c t i o n .  I n  o r d e r  to do t h i s ,  
m o d u l a r i t y  i s  needed i n  t;he exper iments  to a l low a "p lug- in"  
mode not  a v a i l a b l e  on t h e  c u r r e n t  ALSEP and to a l low e x p e r i -  
ments to be stowed i n  volumes o t h e r  t h a n  t h e  SEQ bay of  t h e  
LM . 

I f  f requency  assignment becomes a problem when sev -  
e r a l  ALSEP's a r e  o p e r a t i n g  s i m u l t a n e o u s l y  on t h e  l u n a r  s u r f a c e ,  
d a t a  s t o r a g e  w i t h  command readout  may be necessa ry .  

Concerning the  experiments  themselves ,  a t  l e a s t  f o u r  
new ones a re  d e s i r a b l e  and have p rogres sed  s u f f i c i e n t l y  to be 
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tiiought ready  f o r  implementat ion and i n c l u d e  t h e  t i d a l  g r a v i -  
metc-r, micrometeoroid d e t e c t o r ,  l a s e r  r a n g i n g ,  and mass 
spec t romete r .  Several .  exper iments  nnw or, .,,:;EP could  u t i l i z ?  
u p - r a t i n g .  The s e n s i t i v i t y  of t h e  PSE (.ai? be i n c r e a s e d  i f  
$:,r-ly expe r i ence  i n d i c a t e s  t h a t  i t  i s  wai>ranted,  and i t s  
f requency  r e sponse  ir,cr-eased to o b t a i n  t i d 2 1  d a t a .  The HFE 
c a n  be improved e i t h e r  by u s i n g  anew, more s e n s i t i v e  s e n s i n g  
mechanism, or; by d r i l l i n g  deepe r  h o l e s  i n  o r d e r  t o  i n c r e a s e  
thc- a b s o l u t e  g r a d i e n t  measured. The  ASE u p - r a t i n g  would 
c o n s i s t  of adding  more geophones and r e p l a c i n g  t h e  mor t a r  
cha rges  w i t h  a s t r o n a u t  bu r i ed  cha rges .  The e x a c t  number of 
zach w i l l  be a f u n c t i o n  of t h e  geology a t  a s p e c i f i c  s i t e  
and i t  may r e q u i r e  some q u a s i - r e a l  t i m e  d a t a  a n a l y s i s  i n  
o r d e r  to make t h e  d e c i s i o n .  

2.2.3 LLM 7 - 9 

The o b j e c t i v e s  o f  LLM 6 - 9 a r e  summarized i n  F i g -  
u r e  8. LLM 7 i s  t a r g e t e d  to a n o t h e r  s c i e n c e  a r e a  where one 
would i n v e s t i g a t e  new s t r u c t u r e s  on t h e  l u n a r  s u r f a c e .  For  
example, one 'of t h e  l a r g e  s t r a i g h t  r i l l e s  such a s  Hyginus, 
which may have a d i f f e r e n t  o r i g i n  t h a n  t h e  s inuous  r i l l e  s e e n  
on LLM 6. Another p o t e n t i a l  t a r g e t  for t h i s  mi s s ion ,  w i t h  no 
m o b i l i t y  a i d s ,  i s  Orbi ter  s i t e  V-P-8, which c o n t a i n s  a l i n e a r  
r i l l e  and a r e l a t i v e l y  b r i g h t  c r a t e r  c l u s t e r .  An advanced 
ALSEP would a g a i n  be c a r r i e d  a s  would o r b i t a l  f e a s i b i l i t y  
exper iments .  

LLM 8 and 9 a l so  c a r r y  advanced ALSEP's on ELM 
miss ions .  They now, however, c a r r y  a m o b i l i t y  a i d  such a s  a 
l u n a r  f l y i n g  u n i t  (LFU). A s  d e p i c t e d  i n  F i g u r e  19, t h e  LFU 
which might be c a r r i e d  on a n  ELM i s  a one-man v e h i c l e  weighing 
about, 200 l b s  d r y .  S t i l l  i n  t h e  s t u d y  phase ,  LFU's should 
make use of eng ine  developments a l r e a d y  i n  p r o g r e s s  o r  com- 
p l e t e d  and a l s o  should  use LM p r o p e l l a n t s .  The  l a t t e r  i s  
c r i t i c a l  to ELM miss ions  where l i m i t e d  pay loads  p reven t  one 
from c a r r y i n g  s i g n i f i c a n t  p r o p e l l a n t  fo:? LFU miss ions  o v e r  
'chat a v a i l a b l e  from use  of r e s e r v e  and r e s i d u a l  LM p r o p e l l a n t s .  

The a v a i l a b i l i t y  of LFU's changes t h e  c h a r a c t e r  of  
l i m a r  e x p l o r a t i o n  i n  t h a t  i t  a l l o w s  one to l and  i n  smooth 
s p o i z  bu t  t r a v e r s e  s e v e r a l  kilometer:: to rough o r  h igh  e l e v a -  
t i o n  r e g i o n s  i n  a minimum of t ime .  I n  F i g u r e  20 one sees 
h y p o t h e t i c a l  t r a v e r s e s  l a i d  out ( R e f .  1) f o r  a 3 day ELM 
m i s s i o n  to t h e  Flamsteed r i n g .  The i n i t i a l  s t u d y  assumed 
t h a t  two LFU's were a v a i l a b l e  f o r  u s e .  Should o n l y  one be  
c a r r i e d ,  t h e  c h a r a c t e r  of t h a t  p a r t i c u l a r  mi s s ion  would n o t  
change d r a s t i c a l l y  s i n c e  extreme conse rva t i sm has  been assumed 
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i n  ruch a f i r s t - t ime u s e .  The kind of a c t i v i t y  or: sequencing 
wh;ch might change would b e  f l y i n g  t o  t h e  base  of t h e  r i d g e  
pr-:,Jr to f l y i n g  to t h e  c r e s t .  T h i s  I J O  Ild have to he done to 
test t h e  s l o p e  s t a b i l i t y  i n  c a s e  t h e  LFU must be abandoned 
a t  t h e  c r e s t  and t h e  a s t r o n a u t  r e t u r n  down-slope on f o o t .  

I f  an LFU i s  to be des igned ,  b u i l t  and t e s t e d  i n  
t ime f o r  LLM 8, a go-ahead must be made, assuming a two y e a r  
development,  a f t e r  t h e  second or; t h i r d  Apo l lo  l a n d i n g .  D e t a i l  
d e s i g n  s t u d i e s  must obvious ly  commence p r i o r  to any l u n a r  
landing--probably  i n  t h e  beginning  of  FY 70. An e a r l i e r  
d e l i v e r y  t h a n  LLM 8 would be welcome, f o r  t h e  LFU has  t h e  
c a p a b i l i t y  of s o  i n c r e a s i n g  t h e  e x p l o r a t i o n  r e t u r n  t h a t  i t  
i s  p r a c t i c a l l y  s i t e - i n d e p e n d e n t .  Whether o r  no t  one would 
i n c l u d e  an LFU on t h e  f i r s t  ELM miss ion ,  LLM 6, i s  dubious 
f o r  t h e r e  a r e  t a s k s  a s s o c i a t e d  w i t h  a new ELM which might 
t a k e  c o n s i d e r a b l e  t ime,  t h u s  not  l e a v i n g  much f o r  e x p l o r a t i o n  
i f  a n  EVA p e r i o d  i s  used f o r  LFU f a m i l i a r i z a t i o n  and t e s t i n g .  
A l t e r n a t i v e l y ,  t h i s  sugges t s  t h a t  p o s s i b l y  one should n o t  
s e l e c t  complicated s i tes  f o r  t h e  f i r : s t  LFU miss ion .  (Flamsteed 
does not  appea r  o v e r l y  complicated .) 

LLM 9 i s  e s s e n t i a l l y  a d u p l i c a t e  of LLM 8. Targe ted  
to t h e  Fra  Mauro a r e a ,  w i t h  an abundance of domes and r i l l e s ,  
one would c o n c e n t r a t e  t h e  e x p l o r a t  io11 on de te rmin ing  s t r u c t u r a l  
r e l a t i o n s h i p s ,  s tudy ing  r i l l e - f i l l i n g  p r o c e s s e s ,  and s t a r t i n g  
geophys ica l  p r o f i l i n g  w i t h  a g r a v i t y  survey  a c r o s s  a sma l l  
r i l l e .  T h e  s c i e n t i f i c  accomplishments of t h i s  phase a r e  sum- 
marized i n  F i g u r e s  21 and 22. 

2 .3  Lunar O r b i t a l  Survey and Ezpl a r a t i o n  

A l o g i c a l  p l a c e  f o r  i n c l u s i o n  of a l u n a r  o r b i t a l  
survey  mis s ion  i s  p r i o r  t o  t h e  nex t  quantum jump i n  l u n a r  
e x p l o r a t i o n ,  t h e  d u a l  mi s s ions .  P r i o r , f o r  t h e  r eason  t h a t  
t h e  o r b i t a l  miss ion  should have as one of i t s  prime o b j e c t i v e s  
t h e  a c q u i s i t i o n  of d a t a  from p c t e n t i a l  subsequenk s u r f a c e  
s i t e s  which w i l l  a l low one to p i c k  t h e  b e s t  of t h o s e  a v a i l -  
able  and p r e - p l a n  a s  much as p o s s i b l e .  The  o t h e r  ob jec -  
t i v e  of t h e  mis s ion  wou ld  be t o  a c q u i r e  d a t a  from t h e  e n t i r e  
l u n a r  s u r f a c e  for s c i e n t i f i c  r e a s o n s  and i n t e r p r e t  i t  based 
on g round- t ru th  ob ta ined  a t  l a n d i n g  s i t e s .  I f  one w i s h e s  
to go w i t h  a f u l l  l u n a r  survey of 28 days i n  l u n a r  p o l a r  
o r b i t ,  i t  i s  e v i d e n t  t h a t  a n  augmented 35 day CSM must 
be a v a i l a b l e .  A d d i t i o n a l l y ,  a s  much of t h e  i n s t r u m e n t a t i o n  
a s  p o s s i b l e  should have  been f lown p r i o r  on t h e  CSM of s t a n d a r d  
Apol lo  or ELM miss ions .  As y e t ,  t h e r e  i s  no c o n f i g u r a t i o n  
a v a i l a b l e  f o r  t h i s  m i s s i o n  but one would hope to t a k e  advan- 
t a g e  of expe r i ence  ga ined  through e a r t h  o y b i t a l  remote s e n s i n g  
w i t h  t h e  App l i ca t ions  1 - A  package.  
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Because of  t h e  d i f f e r i n g  r equ i r emen t s  f o r  many 
remote s e n s o r s ,  r e l a t i v e  to sun  a n g l e  on t h e  l u n a r  s u r f a c e ,  
t h e  hardware has  been s p e c i f i e d  to have t h e  o p t i o n  f o r  con- 
t i n u e d  use  i n  an  unmanned mode. 

The payload for t h e  o r b i t a l  mi s s ion  and t h e  expec ted  
r e s u l t s  a r e  shown i n  F igure  24. The r e a d e r  i s  r e f e r r e d  to a 
d i s c u s s i o n  by W .  L. P io t rowsk i  (Ref .  2 )  f o r  d e t a i l s  on equ ip -  
ment and accomplishments.  

2.4 Lunar Sur face  Rendezvous and E x p l o r a t i o n  

T h i s  phase is in t roduced  a f t e r  t h e  o r b i t a l  mi s s ion  
( F i g u r e  23).  
and i n  landed  payload weight can be achieved  a t  t h e  c o s t  of  
two launches  p e r  mis s ion .  

With a dual l aunch ,  a s t e p  f u n c t i o n  i n  s t a y t i m e  

T h e  manned d e l i v e r y  system is s imi la r ;  to t h e  Extended 
LM w i t h  t h e  o p t i o n  o f  augmenting t h e  descenb stage i n  o r d e r  
t h a t  i t  would have a r easonab le  c a p a b i l i t y  by i t s e l f .  T h i s  
would be u s e f u l  i n  t h e  event  of  a rendezvous f a i l u r e  o r  because  
a l e s s  g e o l o g i c a l l y  complex t a r g e t  had been chosen f o r  a s i n  l e  
m i s s i o n .  
i s  a LM, augmented o r  n o t ,  i n  which a l l  of t h e  normal a s c e n t  
f e a t u r e s  have been e l i m i n a t e d ,  i . e . ,  crew p r o v i s i o n s ,  l i f e  
s u p p o r t ,  a s c e n t  e l e c t r i c a l  power, t h e  a s c e n t  eng ine ,  a s c e n t  
p r o p e l l a n t  t a n k s ,  c o n t r o l s  and d i s p l a y s .  I n  t h e i r  p l a c e  would 
be l o g i s t i c s  payload  items and t h e i r  suppor t  systems up to 
abou t  8,000 l b s  w h i l e  t h e  guidance  system would be modi f ied  
to p r o v i d e  a n  unmanned l a n d i n g  c a p a b i l i t y .  F i g u r e  25 shows 
a w e i g h t  breakdown o f  a t y p i c a l  LPM payload .  

The unmanned system, t h e  Lunar Payload Module (LPM$, 

J u s t  because  t h e  d u a l  mi s s ions  have g r e a t e r  weight  
c a p a b i l i t y  and l o n g e r  s t a y t i m e  does not  mean t h a t  one can  
r e l a x  t h e  n e c e s s i t y  of l a n d i n g  to a p o i n t  as was r e q u i r e d  i n  
t h e  Lunar Sur face  E x p l o r a t i o n  phase .  Here t h e  m i s s i o n  i s  
compl ica ted  by t h e  f a c t  t h a t  t h e  LPM has  to l a n d  unmanned 
and t h e  LM crew have t o  work w i t h  bo th  v e h i c l e s  on t h e  s u r -  
f a c e ,  i . e . ,  t h e y  have to be c l o s e  t o g e t h e r .  Thus, i f  t h e  
unmanned v e h i c l e  l a n d s  f i r s t  i t  should  have a CEP of  about  
100 m f o r  e f f i c i e n c y  and t h e  manned v e h i c l e  should  l a n d  as  
c l o s e  t o  i t  a s  p o s s i b l e  us ing  r e d e s i g n a t i o n  p rocedures .  A 
number of schemes ha.ve been sugges t ed ,  see F i g .  26, to a c h i e v e  
a CEP of  100 m, o f  which TV guidance  w i t h  man i n  t h e  loop  
a p p e a r s  t h e  most promising.  A l e s s  promising a l t e r n a t i v e  i s  
to have t h e  manned v e h i c l e  l and  f i r s t  and t h e n  " t a l k  down" 
t h e  unmanned v e h i c l e  which would have been s t o r e d  i n  o r b i t .  
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A t  t h i s  pliace i n  t h e  e x p l o y ? t i o n ,  i f  i t  has  not  
a l r e a d y  occur red ,  one w i l l  have to l and  i n  rough ter l .a in  or: 
a t  least approach a l a n d i n g  s'te over  ~=nu@-i t e r r a i n .  Here 
c u r r e n t  d e s i g n  and o p e r a t i o n s  2f  t h c  lcc,?ding r a d a r  would be 
inadequate ,  a s  i l l u s t r a t e d  i n  F igu re  27.  The most s e r i o u s  
problem i s  t h a t  o f  t h e  very rough and r : l a t i v e l y  unknown 
approach p a t h  and t h e  s o l u t i o n s  which a r e  c u r r e n t l y  b e i n g  
examined use  much s t e e p e r  d e s c e n t s  such t h a t  t h e  l a n d i n g  
r a d a r  looks a t  t h e  s i t e  i t s e l f  r a t h e r  t h a n  a t  some o t h e r ,  
unknown a l t i t u d e  t e r r a i n .  I n c r e a s e d  z t e e p n e s s  of d e s c e n t  
costs f u e l  and, hence,  one must f i n d  means of' r educ ing  t h e  
AV r e q u i r e d  to e l i m i n a t e  guidance e r r o r s  or pay t h e  p e n a l t y  
i n  t h e  form o f  lower landed payload we igh t .  

2.4.1 Missions 

To i l l u s t r a t e  t h e  Lunar Sur face  Rendezvous and 
E x p l o r a t i o n  phase ,  two mis s ions  have been chosen ,  F i g u r e  2 3 .  
The f i r s t  i s  ta rge ted  to t h e  Hyginus R i l l e  o r  t h e  Davy Crater 
c h a i n .  The Davy C r a t e r  cha in  would be Lhe bes t  example bu t  
t h e  photography o f  t h i s  s i t e  i s  l i m i t e d  to e a r t h  based  o r  
Orb i t e r  I V  photography of about  100 m r e s o l u t i o n .  The Marius 
H i l l s  a r e a  was chosen f o r  t h e  second mis s ion .  

On t h e  f i rs t  miss ion  a S a t u r n  V would launch  a 
CSM/LPM to t h e  moon. The a s t r o n a u t s  would conduct a n o r -  
mal mis s ion  excep t  for manning t h e  LM. T h e  LM d e s c e n t  
would t a k e  p l a c e  i n  an au tomat ic  mode w i t h  e i t h e r  e a r t h  o r  
CSM o v e r r i d e  u s i n g  TV f o r  t e r m i n a l  gu idance .  The LPM, having  
l anded  and t h e  h e a l t h  o f  i t s  payload items moni tored ,  would 
be s h u t  down to a w a i t  t h e  a r r i v a l  of  a s t r o n a u t s  i n  t h e  fol- 
l.ni?ing month. On t h e  same m i s s i o n  t h e  a s t r o n a u t s  i n  t h e  CSM 
would l o c a t e  and photograph t h e  landed  LPM and re lease  sub-  
s a t e l l i t e s  c a r r i e d  i n  t h e  empty bay of  t h e  SM. On subsequent  
d e l i v e r y  m i s s i o n s  t h e  LPM d e l i v e r y  crew could  be used to p e r -  
f o r m  some of t h e  f u n c t i o n s  of  a Lunar O r b i t a l  Mission,  i . e . ,  
photography and remote s e n s o r  o b s e r v a t i o n s ,  perhaps  r e q u i r i n g  
a n  extended s t a y  i n  l u n a r  o r b i t .  

The  manned miss ion  l a n d i n g  would be s i m i l a r  to an  
ex tended  LM miss ion  l and ing  except  t h a t  i t  would use  t h e  LPM 
a s  t h e  r e d e s i g n a t i o n  t a r g e t  and l and  c l o s e  to t h e  LPM s o  t h a t  
t h e  problem of t r a n s f e r r i n g  s t o r e s  would be minimFzed. 

2 . 4 . 2  Sc ience  

The  d u a l  miss ion  p r o v i d e s  a quantiim jump i n  t h e  
a b i l i t y  to conduct l u n a r  s c i e n c e ,  p r i m a r i l y  through t h e  i n -  
c r e a s e  i n  payload and i n  time a v a i l a b l e  to u s e  m o b i l i t y  d e v i c e s  
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and conduct exper iments  w h i c h  a r e  too t i m e  consuming f o r  
an  ELM m i s s i o n .  

The Local S c i e n t i f i c  Survey Module (LSSM) h a s  been 
in t roduced  to augment t h e  Lunar F l y i n g  U n i t s  used w i t h  t h e  
e a r l i e r  ELM m i s s i o n s .  Seve ra l  versioriE of  t h e  LSSM have been 
s t u d i e d ,  and F igu re  28 i l l u s t r a t e s  t h e  c a p a b i l i t y  of a 1,000 l b  
v e r s i o n .  

The s c i e n t i f i c  i n s t r u m e n t a t i o n ,  F i g u r e s  25 and 29, 
d i f f e r s  from t h a t  used ear - l ie r  i n  f o u r  ways. A moderate 
dcp th  ($100 f t )  d r i l l  can be c a r r i e d  f o r  use a t  t h e  l a n d i n g  
s i t e  and a smaller  d r i l l  (%lo f t )  f o r  use on t h e  LSSM. An 
en la rged  s c i e n c e  s t a t i o n  can  be  used w h i c h  e n a b l e s  one to 
conduct a l l  s i g n i f i c a n t  exper iments  a t  one s i t e  and to dep loy  
a l o c a l  n e t  of  s e i s m i c  s t a t i o n s .  T rave r se  geophys ic s  u t i -  
l i z i n g  t h e  LSSM w i l l  enable  u s  to obta i r l  t h e  f i r s t  d e t a i l e d  
look  a t  t h e  l u n a r  subsu r face  over  d i s t a n c e s  s i g n i f i c a n t  
r e l a t i v e  to observed topography. L a s t l y ,  p r e l i m i n a r y  sample 
a n a l y s i s  i s  done i n  s i t u  to a l low sample s e l e c t i o n  f o r  e a r t h  
r e t u r n ,  and to a l low real .  time changes i n  t h e  s c i e n t i f i c  con- 
d u c t  of t h e  mis s ion .  

The expec ted  r e s u l t s  a t  two example d u a l  m i s s i o n  
s i t e s  a r e  shown i n  F igu res  30 and 31. The p o i n t  to b e  empha- 
s i z e d  i s  t h a t  f o r  t h e  f i r s t  t L m e  we cxpec t  t o  be  a b l e  to 
d e c i p h e r  r e l a t i o n s h i p s  among t h e  v a r i e t y  o f  l u n a r  f e a t u r e s  
r a k h e r  t h a n  s imply de te rmining  t h e  n a t u r e  of a n  i s o l a t e d  
f e a t u r e .  T h i s  i s  d i r e c t l y  r e l a t e d  to having  t i m e  to conduct  
d e t a i l e d  o b s e r v a t i o n s ,  having m o b i l i t y ,  and conduc t ing  geo- 
p h y s i c a l  p rob ing  of t h e  subsu r face .  I n  a d d i t i o n  to t h e  s u r f a c e  
e x p l o r a t i o n ,  o r b i t a l  r e m o t e  s e n s i n g  i s  accomplished on b o t h  
t h e  LPM d e l i v e r y  mis s ion  and cn t h e  manned segment.  

3.0 SUMMARY 

A Lunar E x p l o r a t i o n  Program h a s  been devel  oped 
which cove r s  t h e  p e r i o d  from t h e  f i r s t  l u n a r  l a n d i n g  to t h e  
mid-70 ' s .  It i s  based upon a r e a s o n a b l e  s e t  of  assumpt ions  
r e g a r d i n g  hardware c a p a b i l i t y  and e v o l u t i o n ,  a n  i n c r e a s e  i n  
s c i e n t i f i c  endeavor ,  launch r a t e s ,  budge ta ry  c o n s t r a i n t s ,  
o p e r a t i o n a l  l e a r n i n g ,  l ead  t i m e s ,  and i n t e r a c t i o n  w i t h  o t h e r  
zpace programs.  The program i s  d i v i d e d  i n t o  f o u r  phases :  
Apollo;  Lunar Exp lo ra t ion ;  Lunar O r b i t a l  Survey and Exp lo ra -  
t i o n ;  and Lunar S u r f a c e  Rendezvous and E x p l o r a t i o n .  Char- 
a c t e r i z i n g  each phase  i s  a p a r t i c u l a r  hardware concep t ,  an  
e v o l u t i o n  i n  t h e  u s e  o f  t h a t  hardware,  and a s p e c i f i c  t y p e  
of s c i e n t i f i c  mis s ion .  Program f l e x i b i l i t y  i s  d e r i v e d  from 



B E L L C O M M ,  I N C .  - 18 - 

t h e  a b i l i t y  to expand or c o n t r a c t  edzh phase .  Dec i s ion  p o i n t s  
a r e  d e f i n e d  and a r e  r e l a t e d  to t h e  p h a s i n g .  

The Apollo phase commences hi i th  tk: f i rs t  l u n a r  
l a n d i n g  and c o n t i n u e s  f o r  f o u r  missions. or u n t i l  s u f f i c i e n t  
expe r i ence  has  been achieved such t h a t  t h e  n e x t  phase  may 
commence. Using s t a n d a r d  Apollo hardware,  m i s s i o n s  evo lve  
from %22 hours  and 2 EVA'S on t h e  lunau: s u r f a c e  t o  t h e  f u l l  
c a p a b i l i t y  of 36 hour s  and 3 o r  4 EXA's. Landing s i t e s  a r e  
a l l  i n  t h e  "Apollo zone".  However, r e d e s i g n a t i o n ,  used to 
avo id  h a z a r d s  i n  miss ion  1, i s  used to g e t  c l o s e  to i n t e r -  
e s t i n g  f e a t u r e s  such a s  f r e s h  c r a t e r s  o r  r i d g e s ,  i n  succeeding  
misy ions .  Sampling and ALSEP deployment a r e  pr ime s c i e n c e  
o b j e c t i v e s .  Simple o r b i t a l  exper iments  a r e  conducted such 
as m u l t i s p e c t r a l  photography y i t h  H a s s e l b l a d  cameras.  MIS- 
s i o n  s p a c i n g  i s  Inc reased  t o  o montns to a l l o w  s u f f i c i e n t  
feedback  and to avoid  us ing  an excessi-ve ( i . e . ,  u n d e s i r a b l e )  
number of s p a c e c r a f t  i n  t h e  Apollo phase .  

The  Lunar E x p l o r a t i o n  Phase commences about  two 
y e a r s  a f t e r  Apollo and c o n s i s t s  of 4 f l i g h t s  of t h e  Extended 
I N  (ELM), a modi.fication of b a s i c  Apollo LM hardware.  T h i s  
sssumes a d e c i s i o n  was made t c  ~ r o c e e d  w i t h  t h e  ELM immediately 
a f t e r  t h e  first Apollo success  and t h e  p r i o r  comple t ion  o f  
a l l  e n g i n e e r i n g  d e s i g n .  
to 3 o r  4 d ~ y s  w i t h  landed payloads  approaching  1,000 l b s .  
Advanced ALSEP's and m o b i l i t y  d e v i c e s  consume a major p o r t i o n  
of  t h i s  payload .  R e t u r n  o f  samples c o l l e c t e d  i n  g e o l o g i c  
c o n t e x t s  remains a prime o b j e c t i v e .  Landing s i t e s  a r e  s e l e c t e d  
from a v a i l a b l e  O r b i t e r  photography b u t  r e l a x a t i o n  of t h e  
f r e e - r e t u r n  c o n s t r a i n t  opens up s i t e s  out,side t h e  Apollo zone. 
A s p e c i f i c  m i s s i o n  i s  t a r g e t e d  to a s p e c i f i c  s i t e .  S e v e r a l  
l aunch  o p p o r t u n i t i e s  to a g iven  s i t e  a re  p rov ided  by e i t h e r  
v a r y i n g  t r a n s l u n a r  f l i g h t  time or by w a i t i n g  i n  l u n a r  o r b i t .  
O r b i t a l  remote s e n s i n g  experiments  a r e  conducted ,  i n c l u d i n g  I R  
and m e t r i c  photography.  

ELM m i s s i o n s  ex tend  l u n a r  s t a y t i m e  

A Lunar O r b i t a l  Survey Mission i s  i n d i c a t e d  a f t e r  
t h e  Lunar S u r f a c e  E x p l o r a t i o n  phase and might w e l l  be t h e  end 
of t h e  " c u r r e n t  buy" s p a c e c r a f t .  T h i s  28-day l u n a r  p o l a r  
o r b i t  mi s s ion  i s  f lown a f t e r  t h e  Apollo's and ELM's,in order 

s i b i l i t y "  exper iments  t o  be  flown. T h i s  p o s i t i o n i n g  a l s o  
e n a b l e s  one to make use  of an  augmented CSM developed for 
e a r t h - o r b i t a l  use.  It G C C U ~ S  b e f o r e  t h e  n e x t  phase  s i n c e  we 
do no t  now have t h e  d a t a  upon which to p i c k  s i t e s  f o r  d u a l  
mi s s ions .  A s u b s a t e l l i t e  i s  deployed i n  o r b i t  f o r  magnet ic ,  
g r a v i t y ,  and X-ray sens ing .  

to have s e v e r a l  "g round- t ru th"  s i t e s  and to a l low p r i o r  1 1  f e a -  
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Two d u a l  miss ions  a r e  d e l i n e a t e d  i n  t h e  Lunar Sur-  
f a c e  Rendezvous and E x p l o r a t i o n  phase .  
(LPM) i s  d e l i v e r e d  a s  an unrnamed c a r g o  c a r r i e r :  t o  t h e  s u r -  
Pace and t h u s  p r o v i d e s  a rendezvous t a r g e t  for a manned 
ELM up t o  3 months l a t e r .  
m o b i l i t y  d e v i c e (  s ) ,  advanced s c i e n c e  s t a t i o n s  and ELM s t a y t i m e  
e x t e n s i o n  to about two weeks. Decipher ing  of t h e  i n t e r r e l a -  
t i o n s h i p s  of s e v e r a l  l u n a r  f e a t u r e s ,  conduct  of " t r a v e r s e "  
gcophys ic s ,  and u t i l i z a t i o n  of p r e l i m i n a r y  sample a n a l y s i s  
i n  situ a r e  new s c i e n t i r i c  r e a t u r e s  o f  t h e  mis s ion .  

A Lunar Payload Module 

An 8,000 l b  payload i n c l u d e s  a 

A pac ing  item i n  dua l  mi s s ions  i s  payload  develop-  
To be r eady  for: a mid-70 ' s  l aunch ,  such pay loads  must 

The  t echn ique  

iiicnt. 
be de f ined  t h i s  y e a r  and s c i e n c e  sys tems c o n c e p t s  s t u d i e d  w i t h  
1-cgard to f e a s i b i l i t y  and p r e l i m i n a r y  d e s i g n .  
o f  the unmanned l a n d i n g  must be developed .  
of augmentat ion o f  t h e  LM and S a t u r n  S-V h a s  to be consideyed 
ciiid may be mandatory i f  t h e  ELM concept  does n o t  prove  out  
i i i  Lhe s e n s e  of  n o n - a v a i l a b i l i t y  of  Apollo margins .  

The p o s s i b i l i t y  
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BASE MAP REDUCED FROM LEM-I 
PRODUCED B Y  AClC 

FIGURE 11 - INDEX M A P  OF TOBIAS MAYER DOMES AREA (V V-401 
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FIGURE 12 - LO-V PHOTOGRAPH OF A DOME SOUTHWEST OF CRATER TOBIAS MAYER 
ON THE EASTERN R I M  OF OCEANUS PROCELLARUM. AREAS MARKED X, Y,AND Z 
ARE SHOWN IN DETAIL I N  FIGURES 13. 14, AND 15 RESPECTIVELY 
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